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• Each kind of physical activity is distinctively inﬂuenced by the 24 h cycle.
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• Exercise performance and locomotor activity are not directly associated.
• Thermal balance is inﬂuenced by the time of day.⁎ Corresponding author at: Department of Physiolog
Biological Sciences, Federal University of Minas Gerais, A
901 Belo Horizonte, Minas Gerais, Brazil. Tel.:+55 31 340
E-mail address: coimbrac@icb.ufmg.br (C.C. Coimbra).
http://dx.doi.org/10.1016/j.physbeh.2014.11.069
0031-9384/© 2014 Elsevier Inc. All rights reserved.a b s t r a c ta r t i c l e i n f oArticle history:
Received 3 September 2014
Received in revised form 25 November 2014
Accepted 26 November 2014







Dark-phaseThe aim of this study was to verify the possible interactions between exercise capacity and spontaneous locomo-
tor activity (SLA) during the oscillation of core body temperature (Tb) that occurs during the light/dark cycle.
Wistar rats (n=11)were kept at an animal facility under a light/dark cycle of 14/10 h at an ambient temperature
of 23 °C and water and food ad libitum. Initially, in order to characterize the daily oscillation in SLA and Tb of the
rats, these parameterswere continuously recorded for 24h using an implantable telemetric sensor (G2 E-Mitter).
The animalswere randomly assigned to two progressive exercise test protocols until fatigue during the beginning
of light and dark-phases. Fatigue was deﬁned as the moment rats could not keep pace with the treadmill. We
assessed the time to fatigue, workload and Tb changes induced by exercise. Each test was separated by 3 days.
Our results showed that exercise capacity and heat storagewere higher during the light-phase (p b 0.05). In con-
trast, we observed that both SLA and Tb were higher during the dark-phase (p b 0.01). Notably, the correlation
analysis between the amount of SLA and the running capacity observed at each phase of the daily cycle revealed
that, regardless of the time of the day, both types of locomotor physical activity have an important inherent com-
ponent (r= 0.864 and r=0.784, respectively, p b 0.01) without a direct relationship between them. This ﬁnding
provides further support for the existence of speciﬁc control mechanisms for each type of physical activity. In
conclusion, our data indicate that the relationship between the body temperature and different types of physical
activity might be affected by the light/dark cycle. These results mean that, although exercise performance and
spontaneous locomotor activity are not directly associated, both are strongly inﬂuenced by daily cycles of light
and dark.
© 2014 Elsevier Inc. All rights reserved.1. Introduction
Daily oscillations in heat production have been associated with
metabolic, cardiovascular, endocrine and central nervous system
(CNS) functions [1]. In addition, it is well known that running capacity
relies on body internal heat balance, substrate availability andy and Biophysics, Institute of
v. Antônio Carlos 6627, 31270-
92936; fax: +55 31 34092924.cardiovascular function. As these parameters are also inﬂuenced by
the endogenous rhythms, intrinsic daily rhythmic oscillations in heat
production might be related to exercise capacity.
The CNS primarily controls circadian rhythms through the hypotha-
lamic suprachiasmatic nucleus (SCN) and its afferent and efferent
projections [2]. In general, the circadian rhythms are mediated by the
activity of the neuroendocrine system and the autonomic nervous
system [3,4], which directly impacts core body temperature (Tb), spon-
taneous locomotor activity (SLA) and heart rate [5]. The circadian Tb and
SLA are central parameters to daily energy balance [6,7]. In line with an
increasedmetabolic demand, animalswith nocturnal habits showpeaks
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contrast, the lowest points are observed shortly after the light-phase
onset and are usually associatedwith a lowermetabolic demand during
the inactivity period. Although being closely associated to heart rate and
SLA (i.e., foraging, alertness, and feeding), Tb shows a SCN-dependent
rhythmic component [8] independent of SLA [9]. In fact, changes in
the autonomic balance across the day might help to understand how
these daily rhythms interact tomaintain homeostasis, even under poten-
tially distinct stressful situations, regardless of time of the day [3,10].
Thermal balance is achieved by regulation of heat production and
dissipation mechanisms [11,12]. Physical exercise induces an acute
temporary imbalance in thermoregulatory capacity. The initial raise in
Tb is promptly followed by the activation of heat loss mechanisms to
keep heat storage at a safe level for the organism [11]. The choice to
stop running is most likely due to the inability to keep the internal
balance, which results from an increased body heating rate without
a higher heat dissipation rate [13,14] or a critical core temperature
[15,16]. Fatigue results, and this leads to exercise interruption. In fact,
thermoregulatory mechanisms and exercise capacity share common
central pathways directly related to autonomic imbalance [17–21].
Therefore, circadian rhythms and exercise performance regulation
might share common regulatory pathways.
As exercise capacity is directly inﬂuenced by body temperature [11],
a daily oscillation in exercise performance could be hypothesized. Re-
cently, a reciprocal inﬂuence in physical performance and daily rhythms
has been investigated both in animals and in humans. Morning and
afternoon muscle power, function and contractility are consistently
different across the day under cool andwarm environments [22]. An in-
ternal clockmediatingmaximal aerobic exercise capacity has been sug-
gested [23] and thermoregulation has been noted as a possible bond for
the predicted inﬂuence of circadian agents in exercise capacity [24]. In
rats, heat balance during low-to-moderate intensity treadmill exercise
is affected by the time of day [25]. Moreover, environmental light condi-
tions seem to induce changes in thermoregulation at rest and at low
intensity exercisewith a possible inﬂuence of the time of day [26]. In ad-
dition, the effect of the time of day on maximal exercise capacity and
thermoregulatory capacity has been less explored.
To verify whether performance- and exercise-induced thermoregu-
latory changes are inﬂuenced by the time of day, adult rats were
subjected to exercise until fatigue on a motor-driven treadmill at the
onset of the light and dark-phase of the light/dark cycle. In addition,
the 24 h oscillation of core body temperature and spontaneous locomo-
tor activity were registered to analyze whether those patterns were
associated with the differences found between exercise capacity and
thermoregulatory parameters at the early stages of the active and
inactive periods of the luminosity cycle.
2. Methods
2.1. Animals
Adult male Wistar rats (n = 11) with an average body weight of
297± 5 gwere individually housed in a roomwith a cycle of 10 h of ex-
posure to dark and14 h of exposure to light, with the lights being turned
on at 06:00 (deﬁned as zeitgeber time 0, ZT0) and turned off at 20:00
(ZT14). Housing conditions included ad libitum water and chow
(NUVILAB-CRI, PR, Brazil) and a constant ambient temperature of 23 °C.
All of the described experimental procedures were approved by the
local ethics committee for animal experimentation (CETEA/UFMG)
under the protocol number 139/2008 and followed the APS Resource
Book for the Design of Animal Exercise Protocols.
2.2. Surgical procedures
Animals were anesthetized with an intraperitoneal injection of a
mixture of ketamine (11.6 mg of 10% ketamine for 100 g of animalbody weight) and xylazine (0.57 mg of 2% xylazine for 100 g of animal
bodyweight). A ventral incision at the linea alba wasmade to introduce
a telemetric sensor (G2 E-Mitter, Mini-Mitter Company, Sun River, OR,
USA) into the peritoneal cavity. Each probe was then sutured to the
inner musculature before the incision was closed. This procedure
allowed continuous monitoring of both Tb and SLA with a decreased
risk of internal displacement of the sensor, which could cause mislead-
ing readings due to its position. At the end of the surgery, a single dose
of intramuscular 24,000 U/kg of procaine penicillin (Pentabiótico
Veterinário ®, Fort Dodge Animal Health Ltda, Jaguariuna, SP, Brazil)
and subcutaneous 1.1mg/kg of non-steroidal anti-inﬂammatory analge-
sic (Banamine ®, Scering-Plough, São Paulo, SP, Brazil) were adminis-
tered. After this procedure, the animals were allowed to recover for
3 days before beginning the recording of the daily cycle of SLA and Tb.
2.3. Recordings of 24 h of Tb and SLA
On the ﬁrst day of the experiment, animals were placed inside
individual cages situated over a telemetry signal receptor (ER-4000
Energizer/Receiver, Mini-Mitter Company, Sun River, OR, USA) that
was previously conﬁgured to catch the speciﬁc signal frequency emitted
by the sensor probe implanted into the peritoneal cavity. The data were
transmitted to a computer with VitalView Software (VitalView ® Data
Acquisition System Software v. 4.0, Mini-Mitter Company, Sun River,
OR, USA) and stored. For 24 h, the animals were kept under these
conditions to evaluate a single daily oscillation of SLA and Tb.
Each animal was individually housed inside a standard cage in a
calm and separated room with the photoperiod set at 14 h of artiﬁcial
light (lights on at 06:00) followed by 10 h of darkness (lights off at
20:00) and a controlled ambient temperature (23 °C). Water and food
(standard rat chow, NUVILAB, São Paulo, SP, Brazil) were provided ad
libitum. To avoid handling inﬂuence by the experimenter, only the
data generated 12 h after the recording began was analyzed.
Tb (°C) and SLA (arbitrary units/min) were continuously recorded
every minute of a 24-hour period. Both of these parameters were aver-
aged for further analysis. The means for each phase of the photoperiod
were calculated for comparison and to conﬁrm that the experimental
arrangement was in agreement with the nocturnal habits described
for Wistar rats. Hourly means were also calculated to conﬁrm the
oscillation of Tb and SLA [27]. In addition, these averages were used to
further study the correlation between these twoparameters throughout
the day and with exercise capacity.
2.4. Treadmill exercise protocols
To test our hypotheses that physical performance is inﬂuenced by
the light/dark cycle and that this difference is inﬂuenced by daily Tb
and SLA oscillations, exercise capacity and Tb were measured on sepa-
rate days at the early daytime and nighttime hour during incremental
exercise tests until fatigue, and the data were compared.
On the ﬁrst day following the previous experiment, animals were
acclimated to a motor-driven treadmill adapted for small rodents
(GAUSTEC Magnetism, Contagem, MG, Brazil). This familiarization pro-
cess took 5 days and consisted of a running activity of 5 min with a
speed ranging from 10 to 15 m/min and a constant slope of 5°. A slight
electrical stimulation (0.4 mA) was provided to assure that animals
were capable of exercising. This procedure was necessary so that the
animals could learn the orientation of the running activity and reduce
the inﬂuence of new environmental conditions in the exercise-related
responses without any major adaptations induced by exercise training.
At the beginning of the thirdweek of experiments,maximal exercise
capacity was evaluated during the early stages of the light and dark-
phase. Each test was separated by 3 days. The Tb was assessed before
the onset of exercise and after exercise-induced fatigue. After the last
experimental session, the animals were euthanized by anesthetic
overdose.
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the early moments of the light and dark-phase of the photoperiod.
Light-phase exercise started at the moment when the lights were
turned on (at 06:00 or ZT0), and the dark-phase exercise started
when the lights were turned off (at 20:00 or ZT14). At least 1 h before
phase change, the animals were weighed and placed inside an inclined
treadmill and Tb was recorded every 30 s. After a stable level of Tb
(change in Tb lesser than 0.5 °C) was reached. Resting level of Tb while
on the treadmill was recorded for 20min and averaged for the determi-
nation of the pre-exercise condition. Subsequently, the graded intensity
exercise protocol started with an initial speed of 10 m/min and in-
creased by 1 m/min every 3 min until fatigue. Fatigue was set as the
moment when rats could not keep pace with treadmill, and deﬁned as
time to fatigue (TF) [28]. At the moment of fatigue, Tb was recorded to
characterize the post-exercise condition.
2.5. Calculations
Workload (kg·m), an index for exercise performance, was calculated
as [body weight (kg)] × [TF (min)] × [speed (m/min)] × [sinθ (treadmill
inclination)].
Body heat rate (°C/min), the rate of increase in Tb, was calculated as
[ΔTb(°C) / [TF(min)]], where ΔTb represents the change in Tb (Tf− Ti),Fig. 1. Daily oscillation of body temperature (Tb) and spontaneous locomotor activity (SLA) in n
circles to SLA (arbitrary units/min). The luminosity cycle was set at 14/10; the light-phase (wh
horizontal bar) began at 20:00 when the lights were turned off. The results are expressed as the
cycle of 24 h are shown. The white columns express the light-phase hourly averages and the b
tained from 06:00 to 20:00, and the dark-phase corresponds to the time between 20:00
mean ± SEM (n = 11). In 1C, the association between the daily changes in Tb and SLA i
SLA. The light-phase is expressed by white circles and the black circles represent the da
the graphic. The Pearson's r coefﬁcient was 0.897 and p b 0.0001 (n = 11).where Tf is the post-exercise condition Tb at the fatigue point, and Ti is
the pre-exercise condition Tb measured before exercise.
Heat Storage (cal), the heat accumulated during exercise was
calculated as [ΔTb (°C)] × [m·(g)] × [c], where m represents body
mass in grams and c represents the speciﬁc heat of body tissues
(0.826 cal*g/°C). The heat storage rate (cal/min) was determined as
[heat storage (cal)] / [TF (min)].
2.6. Statistical analysis
The results are expressed as themean± SEM. Differences across the
circadian Tb and SLA were veriﬁed using one-way ANOVA. Differences
between the light and dark-phases of Tb and SLA and exercise parame-
ters were veriﬁed with a paired Student's t-test. Pearson's correlation
was performed to investigate relationships between different circadian
and exercise parameters. Statistical signiﬁcance was set at p 0.05.
3. Results
3.1. Tb and SLA oscillations for 24 h
Both Tb and SLA were strongly inﬂuenced by the time of day
(F = 13.91, p b 0.0001 for SLA; F = 16.16, p b 0.0001 for Tb)ormal environmental conditions. In 1A, the white squares correspond to Tb (°C) and black
ite horizontal bar) started at 06:00 when the lights were turned on; the dark-phase (black
mean± SEM (n= 11). In 1B, phase differences in Tb and SLA averages during a complete
lack columns represent the dark-phase averages. The light-phase is the mean value ob-
and 06:00. *** indicates p b 0.0001 between phases. The results are expressed as the
s represented with a plot of the correlation between the 24 hour averages of Tb and
rk-phase. The linear correlation equation and the representative line were added to
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8.79± 0.94 a.u./min, respectively. The peak of Tb was reached between
21:00 and 22:00 (38.18±0.16 °C) andwas preceded by the peak of SLA
between 20:00 and 21:00 (16.96 ± 1.46 a.u./min). During the dark-
phase, both Tb and SLA (37.94 ± 0.04 °C and 13.52 ± 1.28 a.u./min, re-
spectively) were higher (p 0.0001) compared to the light-phase
(37.32 ± 0.04 °C and 5.42 ± 0.39 a.u./min, respectively) (Fig. 1B) as
expected. As demonstrated in Fig. 1C, a strong correlation between
SLA and Tb averages during a complete cycle of 24 h was observed
(r = 0.897, p 0.0001). This ﬁnding reinforces the interdependence of
both parameters, although the analysis of correlation between individ-
ual means of SLA and Tb showed that these two parameters are not fully
dependent (r= 0.580, p=0.061), i.e., the animals with higher Tb were
not necessarily the most active individuals.
3.2. Inﬂuence of the time of day in thermoregulatory adjustments and
exercise performance
Tests were carried out during the light-phase and the dark-phase.
During the light-phase, the time to fatigue was 10% higher compared
to the dark-phase (52.11 ± 2.47 min versus 47.00 ± 2.04 min, respec-
tively, p 0.01) (Fig. 2A, right axis). The workload (Fig. 2A, left axis),
an index of physical capacity adjusted by body weight, was 30% higher
during the light-phase exercise compared to the dark-phase (26.83 ±
2.09 Kg·m versus 20.28 ± 1.29 Kg·m, respectively, p 0.001).
Thermoregulatory adjustments induced by graded exercise were
also evaluated (Fig. 2B and 2C). Consistent differences in thermoregula-
tory responseswere observed between exercise at night and at daylight.
Both exercise conditions induced an increase in Tb (Fig. 2C). During theFig. 2.Differences in exercise capacity and Tb response during diurnal and nocturnal tests. In 2A
load (kg·m; left panel). The diurnal exercise capacity is represented by white columns and th
between tests. The results are expressed as the mean ± SEM (n = 11). In 2B, body heating ra
phase) and black (dark-phase) bars. *** indicates p b 0.0001 and # indicates p b 0.05. The result
until fatigue during the light-phase (Fig. 2C, left panel) and dark-phase (Fig. 2C, right panel) are
2D, the association between Tb before (x-axis) and after (y-axis) exercise is shown for the light-p
representative line were added to the ﬁgure. For the dark-phase, the Pearson's r coefﬁcient walight-phase, Tb before exercise was lower compared to the dark-phase
(37.03 ± 0.11 °C versus 38.38 ± 0.11 °C, respectively, p 0.0001)
(Fig. 2C). However, there was no difference between Tb immediately
after fatigue (39.99 ± 0.13 °C versus 40.28 ± 0.16 °C, for light and
dark-phase, respectively) (Fig. 2C), although there was a correlation
between the workload and Tb at the cessation of exercise (r = 0.493,
p b 0.05). Notably, although the initial Tb negatively correlated to Tb at
fatigue only during the dark-phase (r = 0.681, p b 0.05) (Fig. 2D),
body heat rate (°C/min) was 50% higher during the light-
phase (0.06 ± 0.00 °C/min versus 0.04 ± 0.00 °C/min at dark-phase,
p b 0.05) (Fig. 2B, right panel), and heat storage (cal) during the light-
phasewas also higher compared to the dark-phase (436±51 cal versus
766 ± 43 cal, respectively, p 0.001) (Fig. 2B, left panel).
To evaluate the interaction between the two types of intrinsic phys-
ical activity, we performed a correlation analysis between the levels of
SLA and exercise capacity. Despite the differences observed in thermo-
regulatory adjustments and exercise performance during the two
phases of the light/dark cycle, the animals with a better intrinsic exer-
cise capacity during the dark-phase also showed a better performance
during the light-phase (r= 0.826, p 0.01) (Fig 3A). A similar relation-
shipwas observed for SLA (r=0.864, p b 0.001) (Fig. 3B). Notably, there
was not a correlation between exercise capacity and SLA (r = 0.239),
although a higher SLA correlated with higher performance only during
the light-phase (r = 0.648, p b 0.05) (Fig. 3C).
4. Discussion
An important ﬁnding of the present study was that the time of day
inﬂuenced exercise capacity and spontaneous locomotor activity and, exercise capacity was represented as the time to fatigue (minutes; right panel) andwork-
e nocturnal performance by black columns. * indicates p b 0.01 and ** indicates p b 0.001
te (°C/min; right panel) and heat storage (cal; left panel) are represented as white (light-
s are expressed as themean ± SEM (n= 11). In 2C, the changes in Tb induced by exercise
shown. *** indicates p b 0.0001. The results are expressed as themean± SEM (n= 11). In
hase (white circles) anddark-phase (black circles). The linear correlation equation and the
s 0.681 and p b 0.05 (n = 11).
Fig. 3. Association between physical activity during the diurnal and nocturnal phases. Plots of the correlations between workload (3A) and SLA (3B) during the two phases are presented.
For both plots, each point represents one experimental subject. The linear correlation equation and the representative linewere added to the graphics. The Pearson's r coefﬁcientwas 0.891
for workload and 0.864 for SLA, and the signiﬁcance was p b 0.001 (n= 11). Fig. 3C shows the correlation between SLA (x-axis) and exercise performance (y-axis) during the light (white
circle) and dark-phase (black circle). For the light-phase, Pearson's r coefﬁcient was 0.648 and p b 0.05 (n = 11).
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the running performance and the heat storage during the progressive
exercise test were consistently higher during the early light-phase, the
opposite was observed for the SLA. These results point to important dif-
ferences within the regulatory systems acting during exercise during
those two phases of the light/dark cycle. Notably, the exercise capacity
and SLA were strongly correlated to performance during one phase
and SLA during the other phase, which could be interpreted as the
prevalence of different intrinsic components for the determination of
the adjustments associated with each kind of physical activity. Impor-
tantly, regardless of the time of day, SLA and running performance
were not correlated. These ﬁndings further support the hypothesis
that there are speciﬁc mechanisms of circadian modulation on physical
activity (i.e., treadmill running, spontaneous locomotor activity, wheel-
running activity, and swimming) that could be dependent on the type of
physical activity and the daily cycle of body temperature.
The current study also conﬁrmed the positive correlation between
Tb and SLA, which might suggest a direct relationship between the
two parameters. In fact, the relationship between heat production and
circadian locomotor activity has been accepted as a fundamental
importance for the daily energetic balance and body weight manage-
ment [29]. Notably, many physiological parameters, such as Tb, SLA
and heart rate, interact in distinct ways across the daily cycle [6]. We
have recently shown that the pharmacological manipulation of the
CNS can dissociate the relationship between SLA and Tb [27]. Free-
running rhythms of Tb and heart rate were shown to be independent
of SLA in the SCN (themajor site responsible for information processing
and integration regarding circadian oscillators) of lesioned and intactrats [8]. In addition, these components of circadian Tb, SLA and heart
rate could be associatedwith results pertaining to cardiovascular contrac-
tility and function and their relationship to intrinsic aerobic capacity [28].
Therefore, it could be hypothesized that there is a possible convergence
between the time of day, intrinsic exercise capacity or physical activity
and physiological adjustments induced by physical effort. In accordance
with this hypothesis, our experiments showed that exercise capacity
was primarily determined by an intrinsic component because the animals
with a higher running performance during one phase of the day also
showed a higher running performance during the other phase of the
day. Consequently, the interference of circadian rhythms in Tb regulation
during the initial moments of exercise could be a relevant factor for exer-
cise performance at different times of the day; alone, however, this inter-
ference does not surpass the relevance of the inherent running capacity.
In fact, our results reinforce the possibility that the interaction be-
tween physical activity and thermal balance could be strongly affected
by the time of day. There were changes at the level of thermoregulatory
variables as observed by higher heat storage that were also associated
with the higher performance during the light-phase. Moreover, fatigue
was postponed when exercise started during the initial moments of
the light-phase, and this was dependent on the lower Tb. By contrast,
Tb at the end of exercise was similar between experimental tests, sug-
gesting that Tb was not inﬂuenced by the time of day when the exercise
took place. These ﬁndings support previous studies that showed an in-
creased Tb, oxygen consumption, metabolic rate and tail skin vasodila-
tion [18,20,30], demonstrating that the heat storage/dissipation rate is
a limiting factor for running performance. Beyond that, as previously
stated, exercise-induced fatigue is thought to be associated with body
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initial Tb at various levels [16]. Likewise, assuming that endogenously
generated circadian rhythms predispose physiological responses to
different environmental challenges [10,31], one possible pathway by
which the time of day inﬂuences exercise performance seems to involve
thermal balance and thermal tolerance. Tanaka and colleagues [25]
initially investigated this point and have also identiﬁed differences
during the dynamic phase of exercise in the rat thermoregulatory and
metabolic responses, although the characteristics of the exercise task
were different than ours. In response to continuous low ormoderate in-
tensity exercise for 30 min, they observed that the time to vasodilation
was postponed during the light-phase. Notably, they also noticed that
the Tbwas similar at the endof the exercise [25].With thepreviousﬁnd-
ings in mind, one novel aspect within the present study is the ﬁnding
that the time of day inﬂuences not only the thermoregulatory adjust-
ments induced by exercise but also exercise performance. The fact
that exercise capacity was improved during the inactive phase points
that the thermal challenge related to the exercise stimulus might
surpass a SLA-related signaling during the active phase. In fact, the
increased initial Tb observedwhen exercise happened during the begin-
ning of the dark phasemay be implicated in the decreased performance
observed. This could be inferred from the analysis of the positive corre-
lation betweenworkload and Tb at fatigue. In additionwe also veriﬁed a
negative correlation between Tb at fatigue and Tb at the onset of exercise
only during the dark phase (Fig. 2D). This reinforces the hypothesis that
fatigue acts as protectivemechanism against any possible harm induced
by exhaustive exercise.
To avoid the possible inﬂuence of light during the experiments, the
exercise tests during the dark-phase were performed with the lights
off. This detail was employed due to a study showing that when lights
were turned on for exercise during the dark-phase, the rise in Tbwas se-
verely attenuated [26]. Thus, our results reﬂected normal environmen-
tal conditions of the luminosity cycle, constituting a positive factor
within these experiments.
Lastly, due to a previous study relating spontaneous locomotor
activity and physical activity to thermogenesis and to an obesity prone
phenotype [29], we questioned whether exercise capacity and sponta-
neous locomotor activity share the same common mechanisms of
control. However, we observed an absence of a direct interaction
between these two parameters, which might be due to differences
between the different models of locomotor activity studied by others
[29]. Wheel running activity, which is one of themost studied modality
of physical activity, greatly differs from the concept of spontaneous
locomotor activity (activities related to animal daily routine such as
grooming, licking, looking for food, and foraging.) since it might lead
to physiological adaptations generally associatedwith exercise training.
In fact, as shown in the present study, thermogenesis associated with
each physical activity might be different and lead to changes in the
daily oscillatory pattern in Tb. Therefore, these different manifestations
of physical activity could be inﬂuenced by the time of day via changes
in thermal and energetic balance; however, this hypothesis remains to
be tested.
5. Conclusion
The present study demonstrated that there is a time of day when
exercise performance could be facilitated, and in the case of rats (with
nocturnal habits), this effect may occur during the light-phase, possibly
due to the lower body temperature, independently of the SLA level. We
observed that the better running capacity during this phase occurred
regardless of spontaneous locomotor activity levels. However, if these
results should be true for rodents, the same must be conﬁrmed for
other species, such as humans. In addition, a complementary role for
the time of day in modulating exercise adjustments may reinforce the
complexity of factors taken into account when planning exercise
protocols.The lower initial body temperature during light-phase exercise
seems to constitute an important factor when considering the impor-
tance of the time of daywhen studying the thermoregulatory responses
to exercise. Considering the daily changes in the environment outside of
the laboratory is a valuable concept for health and sports professionals
to consider in order to adequately plan physical activity programs and
schedule competitions [23]. In addition, elucidating the mechanisms
mediating delayed (during the rest phase) or anticipated (during the
active phase) thermoregulatory adjustments might help to explain the
common association between the increased incidence of cardiovascular
events during the early morning hours in humans [32,33].
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